Vibrio cholerae O139 Bengal is the second aetiologic agent of the cholera epidemic that emerged in late1992 in India which has subsequently spread to other nations. A few sporadic cases of V. cholerae O139 infection have been reported in Taiwan since 1997. The V. cholerae O139 strains isolated from clinical and environmental sources inTaiwan were characterized based on subspecies molecular typing, toxin production, and susceptibility to antibiotics and environmental stresses, and were compared to several O1and other non-O1/non-O139 strains. Typing by pulsed-¢eld gel electrophoresis revealed that the domestic O139 strains were identical to three of the four Japanese strains. Most of these domestic O139 strains were alpha-haemolytic and produced highly variable amounts of cholera toxin. The presence of cholera toxin gene was con¢rmed in all of these domestic strains by polymerase chain reaction. Meanwhile, most of the domestic O139 strains were resistant to nitrofurantoin, streptomycin, furazolidone and trimethoprim^sulfamethoxazole, while the O1 strains were not. Susceptibility of selected O139 strains to temperature stresses at 551C and À201C, acid treatment at pH 3?0, and N-alkyl dimethyl benzyl ammonium treatment did not di¡er signi¢cantly from other strains examined. Accordingly, theseTaiwanese O139 strains were genetically close to theJapanese strains and also shared some common biological traits.
Introduction
Vibrio cholerae O139 Bengal emerged in late 1992 in south India as the second aetiologic agent of epidemic cholera after the classical and El Tor type of O1 strain (Albert 1994) . The biochemical and physiological traits of theseV. cholerae O139 strains are closer to El Tor O1 strains than to classical O1 strains (Johnson et al. 1994) , and the presence of several virulence genes has been identi¢ed, such as cholera toxin (CT), zonula occludens toxin, accessory cholera enterotoxin, and core-encoded pilin (Nair et al. 1994) .These virulence genes are present in a 4?5 kb'virulence cassette' region of the chromosome and the expression of these factors is controlled by the master regulator ToxR as in EI-Tor vibrios (Albert 1996) . The presence of capsule in these O139 strains is attributed to the resistance to the killing of normal human blood serum, suggesting the potential for bloodstream invasion in susceptible hosts (Johnson et al. 1994) .
The O139 strains rapidly caused a series of cholera outbreaks in India and then spread to several neighboring countries. Several western countries reported cases of imported cholera caused by this organism (Albert 1996) . Imported and domestic cases were also found in ORIGINAL ARTICLE *Corresponding author: Hin-chung Wong, Department of Microbiology, Soochow University, Taipei, Taiwan 111, R.O.C. Fax: 886 -2 -28831193. E-mail: wonghc@mail.scu.edu.tw some Asian countries, including Japan (Gyobu et al. 1995) and Hong Kong (Kam et al. 1999) , which are both close neighbours of Taiwan. Taiwan is located in far east Asia, an area with high levels of trade and tourism. Nevertheless, unlike other neighbourhood regions, the ¢rst case of O139 infection was reported on 27 August 1997, caused by the consumption of raw turtle eggs (Department of Health 1997). The pathogen was subsequently isolated from turtle samples, and aquacultural pond water and e¥uent water samples. Phenotypic and genotypic changes may have occurred in these domestic strains during the long time lapse since its ¢rst appearance in 1992. To understand the route of dispersion, ability to survive and threat to human health of these widely spread pathogens, the clonal relationship of these domestic O139 strains was analysed herein by comparing their pulsed-¢eld gel electrophoresis (PFGE) patterns with those from Japan and Bangladesh, and biological traits were also characterized.
Materials and Methods

Bacterial cultures
A total of 28 domestic V. cholerae O139 strains, isolated mostly in southern Taiwan from August 1997 to April 1998, were examined herein, including two strains from a patient, eight strains from the aquacultural pond water and e¥uent water samples and eighteen strains from turtles (Pelodiscus sinensis). For comparison, four O139 strains from Japan were included, along with the original O139 Bengal strain (Nair et al. 1994) , and eleven O1 and ¢ve non-O1/non-O139 strains from aquaculture ponds. Most of the O1 strains were isolated from the outbreaks in the 1960s in Taiwan (Table 1) . Bacteria were stored at room temperature in aVibrio semi-solid storage medium (yeast extract 3 g, Casitone 10 g, NaCl 10 g, agar granule 4 g per liter, pH 7?0^7?2), and recovered in 1% NaCl nutrient agar or tryptic soy broth/ agar (Difco Laboratories, Detroit, Michigan, USA) at 371C.
Determination of antibiotic susceptibility
Antibiotic susceptibility was determined using the disc di¡usion method as previously described (Wong et al. 2000) . The ten antibiotic discs used were ampicillin (10 mg), chloramphenicol (30 mg), furazolidone (100 mg), gentamicin (10 mg), kanamycin (30 mg), neomycin (30 mg), nitrofurantoin (300 mg), streptomycin (10 mg), tetracycline (30 mg) and trimethoprim (1?25 mg)/sulfamethoxazole (23?75 mg).
Determination of haemolysis and cholera toxin
Bacteria were cultured in Syncase medium (Finkelstein et al. 1966 ) and the titres of cholera toxin (CT) were determined by reversed passive latex agglutination (RPLA) (Denka Seiken, Tokyo, Japan) following the manufacturer's procedures (Minami et al. 1991) . The isolates were cultured on a blood agar plate containing 5% of washed sheep blood erythrocytes at 371C for 18^24 h. Haemolysis was observed and the diameter of the haemolytic zone was measured (Datta-Roy et al. 1986 ).
Determination of cholera toxin gene
Bacterial colonies from an overnight culture on a nutrient agar plate (with 1% NaCl) were suspended in 0?5 ml TE bu¡er, boiled for 10 min, and used as a template for the polymerase chain reaction (PCR). The primers CT1 (TCAAACTATATTGTCTGGT, 788^807) and CT2 (CGCAAGTATTACTCATCGA, 1167^1149) (Honma et al. 1995) were used to amplify a 380 -bp segment of ctxA. Meanwhile, the PCR cycle was 30 s at 941C, 1 min at 531C, and 2 min at 721C for 30 cycles. Finally, the ampli¢ed products were analysed using a 2% agarose gel electrophoresis.
Pulsed-¢eld gel electrophoresis
Bacteria on tryptic soy agar (TSA) (Difco) were transferred to 5 ml TSB, and incubated overnight at 371C with shaking at 160 rpm. Bacterial cells were harvested by centrifugation and resuspended in 2 ml of bu¡er containing 10 mM Tris, 100 mM EDTA and 1 mM NaCl at Taiwan  Turtle  1997  D  ND 32  ND  ND  AA97201-2  Taiwan  Turtle  1997  D  ND 32  ND  ND  AA97201-6  Taiwan  Turtle  1997  D  ND 32  ND  ND  AA97233-3  Taiwan  Turtle  1997  D  ND 16  ND  ND  874C1968  Taiwan  Turtle  1997 
Biological traits of strains were determined as described in Materials and Methods. a, alpha-haemolysis; b, beta-haemolysis; þ, positive result; À,negative result; ND, not determined.
pH 8?0. The bacterial suspensions were then subjected to PFGE analysis. The genomic DNA was digested with S¢I (New England BioLabs, Beverly, Massachusetts, US) and resolved by PFGE. Meanwhile, DNA extraction, DNA digestion, and PFGE were performed according to procedures as described elsewhere (Wong et al. 1996) . Lambda ladder PFGE marker (New England Biolabs) was used to indicate molecular size. After electrophoresis, gels were stained in ethidium bromide (Sigma Co., St Louis, Missouri, US), destained in distilled water, and photographed with UV transilluminator Flou-Link 312 (Vilber Lourmat, Torey, France). Finally, the size of each band resolved in PFGE was determined by Stratascan 7000 densitometry with one-dimensional analysis software (Stratagene, LaJolla, California, US) (Wong et al. 1996) .
Susceptibility to environmental stresses
To determine susceptibility to di¡erent environmental stresses, namely, temperature, acid and disinfectant (N-alkyl dimethyl benzyl ammonium, QAC), bacteria were cultured in 50 ml of Luria-Bertani Broth (LB) medium at 371C for 16 h. For temperature stresses, the cultures were shifted to either À201C or 551C, while for mild acid stress, the bacterial cultures were acidi¢ed to pH 3?0 by adding 12N HCl. For QAC treatment, 80 ppm of QAC was added to the bacterial culture which was then incubated at room temperature. After shifting to di¡erent stress conditions, the number of surviving cells was determined at various intervals through dilution plate counting. Decimal dilutions were prepared in 0?1% peptone, and the diluted cultures were plated on TSA and incubated at 371C overnight. Meanwhile, triplicate determinations were performed for each dilution. Finally, the D-values (the time required to achieve a 90% reduction in viable cell count) for 551C, pH 3 and QAC were calculated using the curve¢t function of Slide Write Plus software version 1.10 (Advanced Graphic Software, Inc., Carlsbad, California, US). Whenever the preliminary study observed a signi¢cant decrease of survivors, survival percentage was also determined for each strain at À201C for 24 h.
Statistical analysis
The data on susceptibility to environmental stresses were means of triplicate determinations of duplicated experiments and were examined by Student's t-test at Po0?05.
Results and Discussion
Clonal relationship
Turtle is one of the most popular aquaculture items in Taiwan and in some parts of China. Feed used in these turtle farms is usually made of domestic or imported ¢sh.These ¢sh products are thought to be vehicles in the dispersion of V. cholerae O139 from foreign countries to the turtles, pond and e¥u-ent water in Taiwan. However, there is no direct evidence to draw any conclusion about the origins and dispersion vehicles of the O139 strain. Clonal relationship analysis may provide hints about the origin of these O139 strains.
The clonal relationship of the domestic O139 strains isolated from the patient, turtle and environmental samples was determined using PFGE of the genomic DNA following S¢I digestion.The PFGE method using S¢I, NotI or CpoI digestion has been proved to be feasible for determining the genetic heterogeneity of O139 strains (Gyobu et al. 1995 , Dalsgaard et al. 1996 . Eight di¡erent PFGE patterns have been recognized by the PFGE method, while the patterns of the large majority of CT-gene-positive epidemic strains isolated in India, Bangladesh and Thailand are identical or similar (Gyobu et al. 1995) . The 26 O139 strains and two O1 strains were analysed herein. Bands resolved by PFGE ranged from about 20 to 550 kb. Banding patterns from 20 to 200 kb were identical for all the strains examined, while from 220 to 550 kb patterns varied among strains.The O139 strains were grouped into three closely related patterns (B, C, D), and apparently di¡ered from the O1 El Tor strains (Fig. 1a) . Among the four Japanese strains isolated from di¡er-ent locations during 1993^1994, strain 436 was similar to the strain from Bangladesh. Meanwhile, the other three Japanese strains (236 -93, 294 -94 and 1056 -93) and all of the Taiwanese strains were identical, despite their di¡erent sources of origin, suggesting that the Taiwanese strains have a closer clonal relationship to the Japanese strains than to the Bangal strain, the one isolated from the early outbreaks in Bangladesh (Nair et al. 1994) (Fig. 1) .
Analysis of virulence factors
These domestic O139 strains, probably derived from a single clone or a group of closely related clones, as revealed by the present PFGE method, were recovered from various sources, showing a substantial dispersion throughout the local environment during 1997. Nevertheless, few sporadic infections were reported in subsequent years. The low toxigenicity of these strains may limit the infection. The haemolytic activity, production of CT and presence of the ctx gene of these strains were examined herein.
CT is the major virulent factor in the pathogenic O1 and O139 strains. In early studies, the V. cholerae O139 isolates produced large amounts of CT (Nair et al. 1994 , Higa et al. 1993 . The presence of the ctx gene and the structure and organization of this genetic element have been investigated (Nair et al. 1994 , Basu et al. 1998 . In this study, a PCR method was applied to demonstrate ctx elements in all of these domestic O139 strains, and even in most of the O1 and other non-O1/non-O139 strains examined (Table 1) . However, production of CT varied signi¢cantly among strains, and moderate amounts (titre 32^64) were generally produced by most of the O139 strains, while CT production was not closely associated with the source of isolation (Table 1) . Production of CT by O139 and O1 strains could not be compared in this study. The Syncase medium used in this study is usually used for CT production by O1 strains. Optimum CT production for O139 strains occurs under AKI-SW culture conditions (Albert 1994) . All the four non-O1/ non-O139 strains isolated from the O139 contaminated aquaculture ponds and turtle revealed the presence of ctx or production of CT at titre 256; however, only about 2% of the environmental non-O1/non-O139 strains produced CT in Taiwan (Wong et al. 1993) . Transmission of a phage encoding the ctx gene to these non-O1/non-O139 strains may have occurred in these ponds in the presence of the O139 strains .
Most of the O139 strains examined exhibited weak alpha-haemolytic activity on the sheep blood agar plate, including the strains isolated in Japan and Bangladesh. Nevertheless, a few strains (G, A, 861479, 861480 and 861535) isolated from turtle and environmental specimens were beta-haemolytic. The classical biotype V. cholerae O1 strains (567, 569, 569B) were also alpha-haemolytic, while the El Tor biotype of the V. cholerae O1 strains isolated from the last pandemic cholera outbreak in the 1960s and two environmental strains isolated in 1997 were beta-haemolytic (Table 1) with haemolytic zones signi¢cantly larger than those of the O139 strains.
Guhathakurta et al. reported that haemolysin production depends on the source from which the strains were isolated (Guhathakurta et al. 1999) . Weak haemolytic properties were displayed in eight randomly selected V. cholerae O139 isolates (Higa et al. 1993 ).
Susceptibility to antibiotics
O139 strains are known to be resistant to several antibiotics, such as sulfamethoxazole, trimethoprim, streptomycin and furazolidone. The ¢rst three of these antibiotic resistances are contained on an approximately 62 -kb selftransmissible, chromosomally integrating genetic element (Yamamoto et al. 1995 , Waldor et al. 1996 . Similarly strong antibiotic resistance was demonstrated in these domestic O139 strains. Based on the antibiotic susceptibility patterns, the strains examined in the present study were grouped into eight antibiotic resistance patterns, A0 to A18 (Table 2) . Most of the domestic O139 strains examined were strongly resistant to many of the antibiotics assayed, such as streptomycin (76%), trimethoprim^sulfamethoxazole (79%) and nitrofurantoin (76%) ( Table 1 ). Resistance to streptomycin and trimethoprim^sulfamethoxa-zole was a closely linked trait (Table 2) and was supposed to be located in the transmissible element (Waldor et al. 1996) . Strains 874C0687, 877S0030 and AQ97852^4 were resistant to 7^10 of the antibiotics assayed. Clinical strains of V. cholerae O139 in India, Bangladesh and Thailand also include highly antibiotic resistant strains, and harbour multiple drug resistance plasmids that mediated resistance to tetracycline, ampicillin, chloramphenicol, kanamycin, gentamicin, sulfamethoxazole, trimethoprim and O/129 (Yamamoto et al. 1995) .
Meanwhile, a high percentage of these O139 strains were susceptible to several antibiotics, including chloramphenicol, gentamicin, kanamycin, tetracycline, and neomycin (Table 1) . Unlike most other O139 strains, strain 495 was susceptible to all the antibiotics assayed (Table 2) , which may result from the loss of the transmissible element encoding antibiotic resistance (Waldor et al. 1996) . On the contrary, the O1 strains examined were susceptible to all the antibiotics assayed except strain 6 which is O1 strain isolated from environmental specimen in Taiwan (Tables 1 and 2 ).
Susceptibility to environmental stresses
Although the toxin production of the domestic O139 strains was highly variable and mostly not high (Table l) , strains which were highly resistant to environmental stresses could survive for long periods and continue to threaten human health, particularly given that most of them are highly resistant to several antibiotics. Susceptibility to several environmental stresses, such as high or low temperature, acid and QAC treatments was determined for several domestic O139 strains and compared to several other strains of di¡erent serotype.These stress factors may be used to treat the egg, turtle meat or the whole turtle before human consumption as food. QAC may be used as a surface disinfectant in the kitchen or aquaculture ponds. Table 3 summarizes those results, indicating that susceptibility to these environmental stresses was strain-dependent, and that these domestic strains and other strains for comparison did not signi¢cantly di¡er at 551C, pH 3 and QAC treatments. D-values for these selected O139 strains (including the Japanese and Bangladesh strains) at 551C pH 3?0 and QAC ranged from 1?13 to 1?93 min, 1?31^1?80 and 1?65^2?72 min, respectively. Meanwhile, survival rates for these strains following 24 h of treatment at À201C ranged from 0^0?46%. The Bangladesh O139 strain was extremely vulnerable to freezing, which killed approximately 5?8 log of viable cells. No unusually stress-resistant strains were identi¢ed from among these domestic O139 strains.
In conclusion, PFGE analysis revealed that the late occurring O139 strains, isolated from various sources in Taiwan, were genetically close to the Japanese strains, and also shared some common biological traits. Vibrio cholerae O139 inTaiwan 659 Cultures were stored at À201C for 24 h and survivors were counted by the dilution plate count method. QAC, N-Alkyl dimethyl benzyl ammonium. D-value is the time to achieve a 90% reduction in the count of viable cells.
